The problem of synthesis of optimal control system is considered. It is proved that generally it is necessary to search for control as function of not only coordinates of space of conditions, but of velocities of changes of these coordinates. To solve the problem of synthesis it is offered to use the network operator that allows to present mathematical expression of functional dependence in the form of the directed graph. Properties of the network operator are given. For the search of optimal functional dependence on the set of network operators the genetic algorithm is used. The practical example of the solution of a problem of synthesis is given.
INTRODUCTION
It is considered that the problem of synthesis of a control system consists in finding control in the form of functional dependence of coordinates of space of conditions. Known methods of the solution of the problem of synthesis are based on the solution of Bellman equation at the expense of use of properties of model of system and functional. If we use Bellman equations the mathematical model of system should satisfy additional conditions in the form of smoothness of the right parts of the differential equations or unlimited control. As a result we receive control in the form of function of coordinates of space of conditions. However in general control as a functional dependence of coordinates of space of conditions is not enough for the solution of a problem of synthesis. Method of genetic programming (Koza J.R., 1992) for solution of the synthesis problem (Keane M.A. et al., 2002) is known.
In article it is shown that for the solution of a problem of synthesis it is necessary to search the control that depends not only on coordinates of spaces of conditions, but also on velocity of change of these coordinates.
For the problem solution we use a method of network operator (Diveyev A.I., Sofronova E.A., 2008) which allows to represent mathematical expressions in the form of the directed graph and to describe it by means of an integer matrix. For calculation of derivatives of coordinates of space of conditions we use numerical differentiation.
PROBLEM STATEMENT
We will consider a problem of synthesis of systems of automatic control. Let the optimal control problem is formulated. The mathematical model of object of control is set
where
Terminal conditions are set
where -given time of control. f t Functional of quality is
where -value of the solution of system (1) at the moment with function and initial conditions (2).
The proof. Let us substitute function in system of the differential equations (1) and solve it at initial values (2), we will get x . From the condition b follows that system of the equations x f~as solution for u . It corresponds to the function with parameter t .
From the condition a follows that , Suppose that for function the following conditions are satisfied:
At the same time for initial system (1) we receive inequalities
one of values for points or is not optimal, i.e. conditions
is not optimal then terminal conditions are not satisfied 
THE NETWORK OPERATOR
To construct an algorithm of the solution of a problem of synthesis (1) - (5), (7) we use a method of the network operator (Diveyev A.I., Sofronova E.A., 2008) . Let us take into consideration some finite ordered sets that consist of the elements that compose mathematical expression.
The set of variables is the ordered set of elements of a vector of conditions of the object,
The set of parameters is the ordered set of elements of a vector of parameters,

The set of unary operations is the ordered set of functions or the single-valued transformation set on numerical set,
where   :
The set of binary operations is the ordered set of functions of two arguments or single-valued transformation Cartesian product of pair identical numerical sets in one same numerical set,
All binary operations have following properties:
-associativity
( 1 3 ) -have unity element
( 1 4 ) Network operator is the directed graph that has the following properties:
a) graph has no loops; b)any nonsource node has at least one edge from the source node; c) any non sink node has at least one edge to sink node; d) every source node corresponds to the element of set of variables V or of set of parameters C ; e) every node corresponds to binary operation of set of binary operations ; 2 O f) every edge corresponds to unary operation of set of unary operations . 1 O Any network operator corresponds to some mathematical expression that can be written with the help of variables, constants, unary and binary operations used in the network operator.
To present the network operator in memory of the computer we use an integer network operator matrix (NOM). NOM is an integer matrix where binary operations are located in diagonal elements, and other elements are zeros or numbers of unary operations. If we replace diagonal elements by an incident matrix of the graph of the network that satisfies conditions a-c in definition of the network operator.
Let us number the nodes of the network operator so zeros, and nonzero not diagonal elements on ones we receive that the number of the node with an outcoming edge would be less than the number of the node which this edge comes in. It can always be done, because according to definition the network operator has no loops. In this case we receive an upper- 
where -unit element for binary operation
Look through the elements of NOM that are over the 
GENETIC ALGORITHM AND BASIC SOLUTION
To construct the algorithm of optimal control synthesis we use a principle of basic solution. The principle of basic solution means that when solving optimization problems, initially we set the basic solution that is one of admissible solutions, then define small variations of basic solution and create search algorithm that searches for the optimal solution on the set of small variations.
Let us define the following small variations of network operator: 0 -replacement of unary operation by the edge of the graph; 1 -replacement of binary operation in the node; 2 -addition of the edge with unary operation; 3 -removal of unary operation with the edge of the graph. 
where H is the size of population, l is the length of 
